We show that an extract of a new green tea cultivar Cha Chuukanbohon Nou6 (Nou6), which rich in anthocyanin, has an inhibitory effect on myosin regulatory light chain (MRLC) phosphorylation in rat aortic smooth muscle cell line A7r5. The inhibitory effect of Nou6 extract was abolished when the extract was treated with polyvinylpyrrolidone which traps polyphenols. However, none of the major tea constituents tested had an inhibitory effect. In addition, we found that Nou6 extract had a strong effect on reducing the phosphorylation of myosin phosphatase targeting subunit 1 at Thr696. These results suggest that Nou6 extract inhibits MRLC phosphorylation induced by thrombin through activating myosin light chain phosphatase, and polyphenols in the tea extract may contribute to this effect.
Introduction
Contractile state of vascular smooth muscle cells is the primary determinant of blood vessel tone (Ogita et al., 2003) . Contractile state has been shown to be directly related to the phosphorylation of myosin regulatory light chain (MRLC) at Ser-19 (Murthy et al., 2006) . MRLC phosphorylation controls the activity of myosin II, a major motor protein in animal cells, which is involved in a wide range of processes, including muscle contraction, cell locomotion, cell division, and receptor capping (Maciver, 1996) . Phosphorylation of MRLC is regulated by two classes of enzymes: myosin light chain kinase (MLCK) and myosin light chain phosphatase (MLCP) (Somlyo, Somlyo, 2003) . MLCP is composed with three subunits: a 37-kDa catalytic subunit, a 20-kDa subunit of unknown function, and a myosin phosphatase targeting subunit 1 (MYPT1). The activity of myosin phosphatase is known to be regulated by phosphorylation of MYPT1, and two major sites, Thr696 and Thr853, have been extensively investigated and identified as inhibitory sites (Hartshorne et al., 2004) .
Tea (Camellia sinensis L.) has been consumed worldwide for a long time. Among the green tea polyphenols, (-)-epigallocatechin-3-O-gallate (EGCG) is the most abundant and most active polyphenol in inhibiting experimental carcinogenesis and related reactions (Yang et al., 2009) . Recently, we have identified 67-kDa laminin receptor (67LR) as a cell surface EGCG receptor that mediates the anticancer action of EGCG (Tachibana et al., 2004) . We also reported that EGCG induced reduction of the phosphorylation of MRLC at Thr18/ Ser19 through 67LR in HeLa cells (Umeda et al., 2005) , human basophilic KU812 cells (Fujimura et al., 2006) , mouse melanoma B16 cells , and human colon adenocarcinoma Caco-2 cells . We found that MYPT1 phosphorylation at Thr696, which inhibits myosin phosphatase and promotes MRLC phosphorylation, was reduced in response to EGCG .
New green tea cultivars (Cha Chuukanbohon Nou6 and Sunrouge) are characterized as having a large anthocyanin content, although both cultivars contain as much catechins as Ltd., Osaka, Japan) were maintained in a Dulbecco's modified Eagle's medium (Cosmo Bio Co., Ltd., Tokyo, Japan) supplemented with 5% fetal bovine serum (Bio Source International, Camerillo, CA), 100 U/ml of penicillin G, 100 µg/ ml of streptomycin, 44 mM NaHCO 3 and 25 mM HEPES buffer. One percent tea extracts or various tea constituents were pretreated for 20 min and then incubated with 1 U/ml thrombin for 10 min. After that, the cells were lysed and then the total cellular protein was subjected to western blot analysis following a previous report .
Results and Discussion
Effect of extracts from new green tea cultivars on MRLC phosphorylation induced by thrombin in A7r5 cells We examined the inhibitory effects of extracts from four green tea cultivars (Yabukita, which has been consumed much in Japan, Benifuuki, which has been shown to have an anti-allergic effect, Nou6 and Sunrouge, both of which are new green tea cultivars and rich in anthocyanin) on MRLC phosphorylation induced by thrombin. As shown in Fig. 1 , Yabukita and Sunrouge extracts had no effect on thrombin-induced MRLC phosphorylation, while Benifuuki and Nou6 extracts inhibited MRLC phosphorylation. The inhibitory effect of Nou6 extract was stronger than that of Benifuuki extract.
Involvement of polyphenols in the inhibitory effect on MRLC phosphorylation induced by thrombin in A7r5 cells
To clarify the constituents responsible for the inhibitory effect of Nou6 extract, we assessed the involvement of polyphenols using polyvinyl polypyrrolidone (PVPP), which traps polyphenols (Laborde et al., 2006) . As shown in Fig. 2 , Nou6 extract on MRLC phosphorylation was absorbed by the PVPP treatment, suggesting that the inhibitory effect might be due to polyphenols in the extract.
Effect of constituents in green tea leaves on MRLC phosphorylation induced by thrombin in A7r5 cells
To further clarify the inhibitory constituents in Nou6 extract, we examined several constituents in tea leaves, green tea other tea cultivars. Anthocyanins belong to a large subgroup of flavonoids, responsible for many natural colors present in nature. During the last decade, it was reported that anthocyanins have several therapeutic effects such as strong antioxidation (Rice-Evans et al., 1996) , tumor growth inhibition (Hou, 2003) , inflammatory inhibition (Seeram et al., 2001) , vasoprotection (Xu et al., 2005) and anti-obesity effect (Tsuda et al., 2003) . As a recent clinical trial has revealed that these anthocyanin-rich tea extracts may also have an anti-stress effect, we further examined these tea extracts.
Upon stress, blood vessels are influenced by contraction of vascular smooth muscle. Therefore, we examined whether anthocyanin-rich new green tea extracts have an inhibitory effect on contraction induced by thrombin which phosphorylates MRLC using rat aortic vascular smooth muscle cell line A7r5. In this study, we found that Cha Chuukanbohon Nou6 extract induces activation of MLCP by dephosphorylating MYPT1 at Thr696 and then reduces MRLC phosphorylation.
Materials and Methods
Sample preparation Four varieties of tea powders, Yabukita, Benifuuki, Cha Chuukanbohon Nou6, Sunrouge, were kindly provided from the National Institute of Vegetable and Tea Science. Tea powder (1 g) was extracted at 100℃ for 7 min with 100 ml of boiling water, then filtered and centrifuged at 900 × g for 20 min.
Materials and Antibodies Thrombin was purchased from Calbiochem (Darmstadt, Germany). Y27632, which is a specific ROCK (a kinase phosphorylating MRLC and MYPT1) inhibitor was purchased from Calbiochem (CA, USA). EGCG was purchased from Sigma. Other catechins such as (-)-epicatechin (EC), (-)-epicatechin-3-O-gallate (ECG), (-)-epigallocatechin (EGC), (-)-catechin (C), (-)-catechin-3-O-gallate (CG), (-)-gallocatechin (GC), (-)-gallocatechin-3-O-gallate (GCG) were kindly provided by Mitsui Norin Co., Ltd. (Tokyo, Japan). Caffeine was purchased from Nacalai Tesque, Inc. (Kyoto, Japan). Theanin was purchased from Taiyo Kagaku (Mie, Japan). Cyanidin (Cya), cyanidin-3-O-galactoside (Cya-gal), cyanidin-3-O-glucoside (Cyaglu), delphinidin (Del) were purchased from Extrasynthese (Lyon, France). Delphinidin-3-glucoside was purchased from Tokiwa Phytochemical Co., Ltd. (Chiba, Japan). Anti-phospho-MRLC (Thr18/Ser19) antibody was obtained from Cell Signaling Technology (MA, USA). Anti-MRLC2 (FL-172) antibody was purchased from Santa Cruz Biotechnology, Inc. (CA, USA). Anti-phospho-MYPT1 (Thr696) antibody was purchased from Upstate Biotechnology, Inc. (NY, USA). Anti-MYPT1 antibody was purchased from BD Biosciences Pharmingen (CA, USA).
Cell Culture A7r5 cells (DS Pharma Biomedical Co., Nou6 extract has a reducing activity for MRLC phosphorylation induced by thrombin-independent stimulation. This effect of Nou6 extract may provide an approach to suppress blood vessel contraction derived from stress. We are currently searching for an MYPT1 activator in the Nou6 extract.
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catechins (EGCG, EC, ECG, and EGC), caffeine, theanin, heat-epimerized or methylated catechins (C, CG, GC, GCG, EGCG3"Me, EGCG4"Me, and EGCG3'4"DiMe) and anthocyanins (Cya, Cya-gal, Cya-glu, Del, Del-glu) (Fig. 3) . As shown in Fig. 3 , none of these tea constituents had an inhibitory effect. These results suggest that the inhibitory effect of Nou6 extract on MRLC phosphorylation may be exerted by unknown polyphenols or a combination of polyphenols in the tea extract.
Involvement of nitric oxide (NO) in the inhibitory effect of Nou6 extract
To analyze the mechanism of the inhibitory effect of Nou6 extract on MRLC phosphorylation, we assessed the involvement of NO. NO has been reported to have an effect on reducing MRLC phosphorylation levels. We found that Nou6 extract did not induce NO production from the cells, and the inhibitory effect was not affected by NO synthase inhibitor (data not shown). These results suggest that the inhibitory effect of Nou6 extract on thrombininduced MRLC phosphorylation is not due to NO production.
Effect of tea extracts on MYPT1 phosphorylation in A7r5 cells Moreover, we examined the influence of Nou6 extract on MYPT1 phosphorylation. MYPT1 regulates MLCP activity by dephosphorylation at the Thr696 site. In this experiment, Y27632, which has a reducing effect on MRLC phosphorylation by inducing MYPT1 dephosphorylation, was used as the positive control. As shown in Fig. 4 , Nou6 extract reduced the phosphorylation levels of MYPT1 and MRLC. These results suggest that the inhibitory effect of MRLC phosphorylation by Nou6 extract is exerted in part through activating MLCP by MYPT1 dephosphorylation.
In this study, we found that Nou6 extract induces the reduction of MYPT1 phosphorylation at Thr696, resulting in activation of myosin phosphatase, and then inhibits MRLC phosphorylation. Interestingly, the MRLC phosphorylation level in the cells treated with Nou6 extract was lower than that in the thrombin-untreated cells. This data suggests that Physiological Function of Nou6 Extract Fig. 2 . Involvement of polyphenols in the inhibitory effect on thrombin-induced MRLC phosphorylation in A7r5 cells. A7r5 cells were first treated with PVPP-untreated or -treated 1% tea extract for 20 min and then with 1 U/ml thrombin for 10 min. Total cellular protein was subjected to western blot analysis using anti-phospho-MRLC (Thr18/Ser19) antibody. 
